Abstract-It is known from consumer surveys that the interior design of cars greatly influences on consumers' affection. Most notably, the instrument panel which occupies the driver's attention while driving would be one of the main components that affect consumer's affection, but the designer does not often put due importance to this design component. The purpose of this study is to define consumers' affection on the instrument cluster panel in terms of its design factors: color of panel lighting and layout of meters as independent factors as well as subjects' gender. Semantic differentials or affective adjectives that are related to the instrument panel were first derived from surveys, existing studies and the available literature. Then, representative affective factors were drawn using factor analysis and multi-dimensional scaling (MDS). Evaluation of the instrument panel was performed and analyzed by Taguchi's parameter design to provide more robust results under various noise factors involved. The result of this study may provide not only a guideline for the instrument panel design but also a basis of understanding underlying consumer's affection in terms of user-centered design.
I. INTRODUCTION
As most functional aspects of passenger car design meet consumer needs, consumer demand on cars has shifted from functional aspects to consumer affection such as total ambience, styling, etc. (Jindo and Hirasago, 1997) . So, these functional aspects are no longer competitive factors, Instead, consumers' affection for colors, materials, and conveniences take the place as main design factors (White, 2001) . As the consumer spends more and more time in cars, manufactures are currently developing interior design requirements or considerations to improve consumers' affection (Cho, 2005) . Especially, the instrument panel is one of two major design components which most influence on consumers' affection with the center fascia.
There are several existing studies on the design of instrument panel. Kim(1999) reported the driver's cognitive characteristics for the arrangement of instrument panel, Nam(2007) applied work domain analysis for the development of a vehicle control display, and Tanoue(1997) studied on the perceived images of vehicle interior. Also, studies are available on the application of Kansei engineering to car interior (Jindo and Hirasago, 1997). However, those existing studies are mostly about functional and cognitive aspects, not about consumers' affection. Although there are a few studies on consumers' affection to the car interior, no specific mentions were found on the instrument panel considering consider various conditions that have influence on consumers' affection. The purpose of this study is to define affective factors of consumers on the instrument panel by varying two design factors: color of panel lighting and layout of meters. Evaluation of the instrument panel was performed and analyzed by Taguchi's parameter design to provide more robust results under varying experimental conditions.
II. METHOD

A. Defining representative affective factors
In this study, we defined representative affective factors for evaluating the instrument panel. Semantic differentials or affective adjectives that are related to the instrument panel were first identified from a consumer survey. Then, representative affective factors were drawn using factor analysis and multi-dimensional scaling (MDS). A total of 30 participants were recruited as volunteers, who were 22 males and 8 females. The average age of the participants was 33.6, ranging from 28 to 37. All participants had a driving experience for an average of five years.
B. Affective factors
We collected 121 affective adjectives that are related to car interior from literature, research and automobile magazines. Based on these adjectives, a customer survey was conducted to derive adjective related to instrument panel. Table 1 shows these 31 adjectives related to the instrument panel.
To derive affective factors, subjects were asked to evaluate various images of instrument panels. Subjects were asked to assign a numerical value to each of 31 adjectives in 9-point scale. A factor analysis was then performed on the scores assigned to each evaluation of adjectives. Among 31 adjectives, 21 adjectives were chosen to be meaningful from the factor analysis since 10 adjectives that were eliminated had multiple loading. Five factors were then extracted and defined as unique, luxurious, dynamic, charming and visible from a focus group interview. These results were shown in Table 2 and Table 3 . 
C. Representative affective factors
Subjects were asked to evaluate various images of the instrument panel with respect to five affective factors. They assigned a numerical value to each of 5 adjective factors in 9-point scale. A MDS was then performed on the scores assigned to each evaluation of these factors. The resulting positioning of the factors is shown in Figure 1 . The result showed that three factors of luxurious, charming and visible were grouped into one group and the rest of two factors into another group. So, two representative affective factors: unique and luxurious, each of which possesses the largest variance in each group, were defined to represent consumers' affection.
D. Evaluation of instrument panels
In this study, various simulated instrument panels that were shown on the computer screen were presented to subjects based on Taguchi's parameter design and evaluated on two representative affective factors.
E. Participants
A total of 18 participants were recruited as volunteers who were consisted of 9 males and 9 females. The average age of the participants was 32.3, ranging from 27 to 36. All participants had a driving experience for an average of six years. 
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F. Experimental setup
Graphically simulated instrument panels presented were made by Illustrator CS3, Subjects evaluated these materials presented on LCD display as shown in Figure 2 . Fig.2 . An experimental setup
G. Procedure
As mentioned, color of panel lighting and layout of meters were selected as independent variables. Each level of two independent variables was determined through a market research generally performed. Panel lighting color consists of three levels which were white, orange and blue and do did meter layout which were two, three and four circular meters. 9 combinations of the two factors were made and two samples that were consisted of gray and beige colors of car interior for each combination were made. A total of 18 instrument panel samples were created by computer graphics for subjective evaluation. The level of consumers' affection was measured in two representative affective factors as dependent variables. Subject gender and two colors of car interior which were gray and beige were used as noise variables. The evaluation was performed by Taguchi's parameter design method to find the most robust design from noise factors. It was shown in Table 4 . To reduce the variance of individuals, the evaluation was performed by a within subject design and the test order was made by Latin Square. (1) where yij is observed data in i-th row and j-th column, and n is the number of repetition in one experimental point. Table 5 showed the result of SN ratios on two factors: luxurious and unique. To find variables that have an effect on dependent variables, the ANOVA was performed. Since ANOVA of SN ratios did not have any repetitions, the interaction factor of color and layout was pooled to the error term, then, p-values were calculated. The result of ANOVA was shown in Table 6 . The results showed that only color of panel lighting had a significant effect on the affection of luxury (p-value=0.025<0.05) and only layout of meters did on the affection of uniqueness. (p-value=0.036<0.05) Since the maximum of S/N ratio maximizes consumers' affection under various noises, the white panel lighting was derived as the most preferred one in terms of the affection of luxury, the layout with four meter clusters was derived as the best one in terms of the affection of uniqueness.
IV. DISCUSSION
The purpose of this study was to define affective factors of consumers on the instrument panel and to suggest the most referred color of panel lighting and layout of meters that satisfy consumers' affection under noise factors.
It was found from an experiment that consumers had five affective factors on the instrument panel and luxurious, charming and visible affections are grouped into a factor that constitutes consumers' affection and unique and dynamic affections in another factor.
Evaluation of the instrument panel by Taguchi's parameter design revealed that the white color of panel lighting was the most preferred design in terms of the affection of luxury and the panel with four meters was the best one in terms of the affection of uniqueness.
In this study, the most robust design of the instrument panel was found by employing Taguchi's parameter design under various conditions in terms of customers' affection. More design and noise factors that have an effect on consumers' affection need to be considered in future research.
